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gmail.cAbstract Introduction: Conventional cross sectional imaging modalities are unable to differenti-
ate cholesteatoma from post surgery alterations in a surgical cavity.
Objective: The aim of this prospective study was to determine the value of diffusion-weighted
(DW) MRI for the detection of cholesteatoma in patients who have undergone middle ear surgery.
Study design: A prospective comparative study.
Main outcome measure: The presence of cholesteatoma at revision surgery and matched with the
preoperative ﬁndings of MRI.
Subjects and methods: Twenty-one ears previously operated for cholesteatoma and scheduled for
surgery were referred for MRI using a DW fast spin-echo sequence, T2-weighted spin-echo
sequence and T1-weighted before and after contrast injection as well as delayed contrast-enhancedEar, Nose, Throat and Allied
evier B.V. All rights reserved.
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Figure 1 Recurrent cholesteatoma i
Axial CT cuts show total opaciﬁcation
c) Axial and coronal T2W fast SE ima
SE images obtained with a b factor o
142 S.A.F. Khedr et al.images. Imaging ﬁndings were correlated with intraoperative ﬁndings.
Results: DWMRI combined with conventional MRI accurately depicted 11 of 13 cholesteatoma
patients (sensitivity = 84.6%). The two lesions that were missed were 2 mm in size. All the MRI of
patients without cholesteatoma were correctly interpreted as showing negative ﬁndings for choles-
teatoma (speciﬁcity = 100%). The positive predictive value and negative predictive value were
100% and 80%, respectively.
Conclusion: DW MRI combined with conventional MRI show high signal intensity in the pres-
ence of residual or recurrent cholesteatoma and could correctly detect its presence in the surgical
cavity. However, small lesions can be missed.
ª 2012 Egyptian Society of Ear, Nose, Throat and Allied Sciences.
Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Surgery is the mainstay treatment of chronic otitis media with
cholesteatoma. However, the risk of residual cholesteatoman both middle ears of a 20 year o
of both middle ear cleft by soft t
ge shows bilateral middle ear hig
f 1000 s/mm2 (2.5-mm-thick sectand recurrence occurs in a relatively high number of patients
no matter what type of surgery is used.1 The detection of cho-
lesteatoma in patients who have undergone middle ear surgery
using otoscope, otoendoscope, and microscope is often difﬁ-ld man who underwent a left canal wall-down mastoidectomy. (a)
issue lesion eroding the ossicular chain and temporal bones. (b and
h signal intensity tissue mass. (d and e) Axial and coronal DW fast
ions) show high signal intensity of the recurrent cholesteatoma.
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low-up of patients operated for cholesteatoma.
High resolution computerized tomography (CT) scan is
considered the basic method for imaging of the non-operated
middle ear and can be complemented by magnetic resonance
imaging (MRI).3–6 However, following mastoid surgery, both
imaging modalities cannot reliably distinguish residual or
recurrent disease from postoperative changes such as granula-
tion tissue, ﬂuid or ﬁbrous tissue.1
The potential of recent MRI sequences in differentiating
recurrent disease from reactive tissue has been recently ex-
plored. A delayed contrast-enhanced (CE) T1-weighted
(T1W) spin-echo (SE) sequence as well as diffusion-weighted
(DW) sequences in such differentiation is highly promising.7,8
DW MRI depends on the difference in diffusion of water mol-Figure 2 MR images of recurrent cholesteatoma in the right middle ea
CT cuts show partial opaciﬁcation of the right middle ear cleft by soft
c) Axial FLAIR and T1W SE show a small soft tissue lesion in the right
signal intensity in T1W. (d) Axial T2W SE image shows small area of h
obtained with a b factor of 1000 s/mm2 (2.5-mm-thick sections) showsecules in different biological tissues. Water molecules in choles-
teatoma are less mobile giving rise to a hyperintense signal. In
granulation tissue, water molecules are more mobile and thus
appear less intense on DW sequence.6
In this prospective study, the purpose was to investigate the
value of a DW fast SE sequence for MRI in cases of otitis med-
ia with cholesteatoma in patients who had undergone tympa-
noplasty and compare it to the operative details in the
revision surgery.
2. Patients and methods
We included 21 consecutive ears in our study, previously sub-
jected to tympanoplasty for the treatment of cholesteatoma,
and scheduled for surgery, during the period from Aprilr of a 16 year old girl who underwent middle ear surgery. (a) Axial
tissue density with associated erosion of the ossicular chain. (b and
middle ear cleft of slightly high signal in FLAIR sequence and low
igh signal intensity in the right middle ear. (e) Axial DW SE image
markedly high signal intensity of the cholesteatoma.
144 S.A.F. Khedr et al.2007 to February 2009. They were seven female and 12 male
patients, with an age ranging from 7 to 60 years old
(mean = 35 years). Two patients had bilateral middle ear sur-
gery for cholesteatoma. The study was approved by the ethical
committee and the need to obtain informed consent was
waived.
Canal wall-up technique was already done for nine ears,
while 12 ears had canal wall-down technique. This was the sec-
ond operation in 16 ears and the third operation in ﬁve ears.
The main clinical presentation of the patients was a recur-
rent purulent offensive discharge (n= 8), perforated tympanic
membrane with and without discharge (n= 4), external canal
polyp and granulation tissue (n= 5), white mass behind an in-
tact drum (n= 2) and facial palsy (n= 2).
All patients had a routine preoperative CT scan temporal
bone. All patients were referred for MRI using a 1.5-T MRFigure 3 Recurrent cholesteatoma in the right middle ear of a 48 yea
coronal CT cuts show right middle ear cleft soft tissue density with ass
T2W SE show a soft tissue lesion in the right middle ear cleft of high si
with a b factor of 1000 s/mm2 shows markedly high signal intensity ounit (Intera; Philips Medical Systems, Best, The Netherlands).
The conventional sequences were obtained in all patients 1–
6 weeks prior to surgery as follows: T1-weighted spin-echo
(T1W SE) images before and after contrast injection
(0.1 mmol/kg of body weight of gadoterate meglumine (Dota-
rem; Guerbet, Roissy, France), as well as T2-weighted fast
spin-echo (T2W SE) images. In the same time, two recent se-
quences were also done in all patients. This included delayed
contrast-enhanced T1-weighted spin-echo (CE T1W SE)
images obtained 45–60 min after contrast material administra-
tion and multi-shot fast spin-echo diffusion-weighted images
(DW FSE) with b factors of 0 and 1000 s/mm2 without mea-
surement of the apparent diffusion coefﬁcient.
The size of soft tissue mass in the middle ear cavity was
measured in the delayed CE T1W images. The images were
analyzed for susceptibility of artifacts in the DW sequences.rs old man who underwent middle ear surgery. (a and b) Axial and
ociated erosion of the ossicular chain. (c and d) Axial and coronal
gnal intensity. (e) Axial diffusion-weighted fast SE image obtained
f the cholesteatoma.
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operative cavity was determined according to the conventional
MRI sequences as well as the collective conventional and re-
cent MRI sequences by the radiologist preoperatively, without
any knowledge of the clinical data.
All patients were scheduled for revision surgery and the
intraoperative ﬁndings were compared to the imaging results.
The sensitivity, speciﬁcity, positive and negative predictive val-
ues of different MR sequences used were assessed using SSPS
(version 12).Figure 4 Post-operative granulation tissue in right middle ear of a 34
(a) Axial CT cuts show right middle ear cleft soft tissue lesion (b) Ax
mass. (c–e) Axial and coronal DW SE images obtained with a b factor
soft tissue lesion.3. Results
There was a soft tissue opaciﬁcation in the operated middle ear
cavity in 19 ears. The size of the soft tissue measured ranged
from 2 · 3 mm to 17 · 36 mm in largest diameter.
CT scan showed partial opaciﬁcation in nine cases (Fig. 3)
and complete opaciﬁcation in 10 cases (Fig. 1). Two cases
showed clear cavity on CT scan but were scheduled for second
look after canal wall-up technique.year old man who underwent a canal wall-down mastoidectomy.
ial T2W image shows right middle ear high signal intensity tissue
of 1000 s/mm2 show no high signal intensity of the right middle ear
146 S.A.F. Khedr et al.In conventional MRI, 13 cases showed low signal intensity
on unenhanced T1W images, and high signal intensity on
T2W images. The recent MRI sequences, showed the pres-
ence of cholesteatoma in 11 ears only. These cases showed
low signal intensity on delayed CE T1W images and had high
signal intensity on DW images. The size of the soft tissue
measured was between 6 · 10 mm and 14 · 26 mm (Figs. 2,
5 and 6). In another six ears, the surgical cavity showed some
enhancement on delayed CE T1W images and had low signal
intensity on DW images. The size of the soft tissue ranged
from 8 · 10 mm to 12 · 14 mm. This was diagnosed as gran-
ulation tissue without cholesteatoma by the radiologist
(Fig. 4).Figure 5 Recurrent cholesteatoma in both middle ear of a 28 year old
(a) Axial T1W image shows bilateral middle ear cleft soft tissue of low
high signal intensity tissue mass. (c and d) Delayed post contrast axia
enhancement of the bilateral middle ear soft tissue lesion. (e) Axial D
high signal intensity of the recurrent cholesteatoma.The last four ears showed minimal middle ear soft tissue
shadow, 2 · 3 mm in diameter (n= 2) or clear middle ear cav-
ities (n= 2) and were diagnosed as no pathology present in all
sequences.
Surgically proven recurrent or residual cholesteatoma was
found in 13 ears. Large recurrence in the mastoid cavity was
found in seven ears, reaching 26 mm (Figs. 1 and 5), while
smaller recurrences were seen in the middle ear cavity in four
ears, reaching 6 mm (Fig. 2). Small cholesteatoma pearl,
2 · 3 mm, was found isolated in a well aerated, epithelialized
canal wall-down cavity in two ears. Cholesteatoma was not
found in the remaining seven ears. A large obliterating polyp
was found in three ears reaching 36 mm in size (Fig. 4), whileman who underwent a canal wall-down mastoidectomy bilaterally.
signal intensity. (b) Axial T2W image shows bilateral middle ear
l T1W and T1 with fat suppression show faint marginal contrast
W image obtained with a b factor of 1000 s/mm2 shows markedly
Figure 6 Recurrent cholesteatoma in left middle ear of a 60 year old man who underwent a canal wall-down mastoidectomy. (a) Coronal
T2W cut shows left middle ear cleft soft tissue of high signal intensity. (b and c) Delayed post contrast coronal T1W and axial T1 with fat
suppression show no enhancement of the left middle ear soft tissue lesion. (d) Coronal DW image obtained with a b factor of 1000 s/mm2
shows markedly high signal intensity of the recurrent cholesteatoma.
Table 1 Results of different sequences of MRI.
Conventional MRI (%) Combined conventional and diﬀusion MRI (%)
Sensitivity 61.5 84.6
Speciﬁcity 62.5 100
Positive predictive value 72.7 100
Negative predictive value 50 80
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in the remaining four ears. The last two cases, showed com-
pletely clear middle ear surgical cavity.
Considering conventional MRI results alone, the sensitivity
was 61.5%, the speciﬁcity was 62.5% and the positive predic-
tive value was 72.7%.
Combined conventional MRI and DW MRI correctly de-
picted 11 of the 13 cases of recurrent cholesteatoma as soft tis-
sue mass enhancement on conventional sequences, with high
signal intensity on DW MRI. This resulted in a sensitivity of
84.6% and a true positive predictive value of 100%. They also
showed lack of a soft tissue mass enhancement on conven-
tional sequences in combination with a hypointense signal onDWMRI. This resulted in a speciﬁcity of 100% and a negative
predictive value of 80% for the combined examinations (Table
1).
DW MRI did not display a hyperintense signal in a non
cholesteatoma ear, resulting in no false positive results.
4. Discussion
Diagnosis of recidivized cholesteatoma in an operated middle
ear cavity can be difﬁcult. Conventional CT scan and MRI
have low speciﬁcity when it comes to differentiating granula-
tion tissue from relapsing cholesteatoma due to lack of charac-
terization of the detected soft tissue in the surgical cavity.9–12
148 S.A.F. Khedr et al.MRI with gadolinium injection allows a good discrimina-
tion between granulation tissue and cholesteatoma in non-
operated ears; however, the difference between scar tissue
and cholesteatoma remains unclear as both shows non
enhancement.10,12
Until now, no single imaging study has been proven to be
sensitive and speciﬁc enough to replace open or endoscopic
surgery when ﬁndings at clinical examination are suggestive
of residual or recurrent cholesteatoma in patients who have
undergone middle ear surgery.13 Recent studies reported
improvement in MRI techniques to increase speciﬁcity by
using delayed contrast-enhanced and diffusion-weighted se-
quences in differentiating granulation tissue in a surgical cavity
from cholesteatoma.6,10,14 As granulation tissue is poorly vas-
cularized, uptake of contrast takes longer to occur, while cho-
lesteatoma, being not vascularized do not take contrast up.10
Reduced diffusion in cholesteatoma compared with granula-
tion tissue, ﬁbrous tissue, or mucoid secretion is assumed to
contribute to high signal intensity of cholesteatoma on diffu-
sion-weighted imaging.1,15
In the present study, diffusion-weighted MR imaging de-
picted 11 of pathologically proven 13 patients with choleste-
atomas. In our series of cases, we did not have any false
positive cases. This can be explained by the absence of infec-
tion in the surgical cavity as all patients with ear drainage re-
ceived antimicrobials both local and systemic before imaging.
This can help eliminate the false positive results that can be
met with due to the presence of abscess or infection within
the surgical cavity.10
Artifacts from air-bone and air-tissue interfaces are one of
the main drawbacks of DW MRI. Fast SE DW sequences
proved better in reducing artifacts observed with echo-planner
DW sequences, giving a better spatial resolution and better
analysis of the lesions.15
We realized that DW and delayed CE sequences showed the
same results. The lack of a soft tissue mass enhancement on
conventional pulse sequences in combination with a hypoin-
tense signal on DWI provided 100% speciﬁcity along with a
negative predictive value of 80%. The high negative predictive
value might help avoiding second-look surgery for patients
with cholesteatoma safely.
Although speciﬁcity and positive predictive value were
100% in our study, diffusion-weighted imaging may poten-
tially cause false positive results. High signal intensity in the
area of the petrous bone is seen not only with cholesteatomas.
Susceptibility artifacts at the air-bone border at the base of the
skull, chordomas, cholesterol granulomas, and abscesses may
also appear markedly hyperintense on diffusion-weighted
imaging.1,4
However, we found that lesions smaller than 5 mm that can
be missed (NPV 80%). Care should be taken to follow-up the
negative cases, with recommendation for second-look opera-
tion on any clinical suspicion.
In conclusion, the advances in MRI techniques are cur-
rently changing the preoperative evaluation and the postoper-ative follow-up protocols for cholesteatoma.2 DW MRI
appears to be a rather accurate method, as opposed to a stan-
dard second-look operation, for the follow-up of patients who
have undergone a canal wall-up procedure for a chronic otitis
media with cholesteatoma.
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